INTRODUCTION
The field of Percutaneous Coronary Intervention (PCI) for Chronic Total Occlusions (CTO) has rapidly evolved over the last decade, with new hybrid techniques such as antegrade dissection and re-entry (ADR) and reverse controlled antegrade and retrograde subintimal tracking (reverse CART) opening new ways towards success in more complex cases. (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) However, these techniques and the devices used remain expensive and require a high level of experience. Overall, antegrade wire escalation (AWE)
remains the preferred approach for tackling CTOs in more than 80% of the cases, especially for low J-CTO scores and for low and intermediate volume operators. Nonetheless, also high volume operators frequently apply AWE. (5, (14) (15) (16) (17) Previously, we reported on the eligibility of patients and the use of an AWE algorithm with a limited number of guidewires (GW) in two centers. (14, 18) Meanwhile, GW technology has improved and therefore, our previous algorithm was adapted ( Figure 1A ) and applied in a larger number of centres.
In a prospective, multicentre study, we investigated the success rates of improved GW technology and safety regarding radiation exposure, use of contrast dye and general use of materials.
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METHODS

Study population
From September 2013 to October 2014, 103 patients were prospectively included in this registry, patients in which the operator decided that antegrade wire escalation was the first strategy to be used.
Five dedicated CTO operators from hospitals in Belgium (UZ Brussels, ZOL Genk, OLVZ Aalst), the Netherlands (VUmc Amsterdam) and Luxemburg (INCCI Luxemburg) performed the procedures and inclusions, conforming to the institutional guidelines and those of the American Physiological Society.
The operators had various experience levels as one is an antegrade wire escalation operator, one uses ante-and retrograde techniques and the three others apply all techniques, including ADR and retrograde techniques. Ethical permission was granted and all patients gave written informed consent.
Patient selection for CTO PCI was based on left ventricular viability, clinical symptoms and/or documented ischemia. Data on baseline demographics, procedural characteristics and outcomes were collected and analyzed according to the J-CTO criteria. (17, 19) Three cases were excluded from the analysis because the procedure deviated from the algorithm (cfr. below; two cases were started with an intermediate stiff GW and in one case a switch from a soft to a stiff GW was performed).
Study definitions and endpoints
A CTO was defined as a lesion of a native coronary artery which exhibited Thrombolysis in Myocardial Infarction (TIMI) antegrade flow equal to zero. The occlusion length was estimated based on the image using a bilateral arterial approach and/or the stent and balloon length as reference. Presence of calcification was defined if this was visible on fluoroscopy without contrast injection. Technical success was defined as successful CTO revascularization with achievement of <30% residual diameter stenosis within the treated segment and restoration of TIMI grade 3 antegrade flow. Procedural success was defined as achievement of technical success with no Major Adverse Cardiac Events (MACE).
An important marker in successful GW crossing has become the 30 minute cut-off value. Consequently, we have taken GW crossing time (either within 30 minutes or in more than 30 minutes) as the primary 4 endpoint for this study. (14, 17) Crossing time corresponds to the time of initial insertion of the first GW into the coronary artery to the time of successful crossing of the last or being pulled out because of failure. The secondary endpoint was general procedural success, including results obtained by applying other techniques (e.g. ADR, reverse-CART, etc.), materials used, contrast and radiation exposure.
Study algorithm and procedure
Angiographic images of all patients, referred for CTO PCI, were analyzed to determine the primary strategy. (3) If an antegrade wiring attempt was performed as a first strategy, the patient was included in the registry. All AWE attempts in this registry -excluding 3 patients -were performed according to a specific algorithm ( Figure 1A ). Although one can discuss the wire algorithm used (f.e. absence of Pilot 200 GW), we preferred a simple algorithm with a limited number of wires. The algorithm is based on a stepwise increase in tip load and thus penetration power of different GWs from ASAHI. The first GW of choice is a Fielder XT-A (Fielder XT-R or Fielder XT were allowed at the discretion of the operator) (i.e. "Soft GWs"). As compared to the older Fielder XT technology, which is based on "passive loose tissue tracking", the Fielder XT-A and XT-R GWs have a 0.010" parabolic double coil structure which generates a higher torque-ability, durability and control over the GW, enabling "active loose tissue tracking". The double coil has a hydrophilic polymer sleeve coating and a tip load of 1.0 g and 0.6 g for the Fielder XT-A and XT-R respectively. Upon failure to cross with one of these wires, an exchange is made either to UltimateBros3 (first period of the study) and later Gaia 1 or 2, when they became available. Like the Fielder XT-A and XT-R, the Gaia group of GWs is based on the Sion GW technology (i.e. double coil structure), allowing for a higher torque control of the GW. All Gaia wires have a hydrophilic coating throughout the wire except for the distal microcone-shaped, non-coated tip. This allows for a higher penetration efficacy, despite being more flexible. In this way, "active wire control" is generated. It is a non-drilling GW, which can be pushed to advance and torqued to turn, two motions which need to be applied separately. Also the "wip-motion" is reduced with this technology. The UltimateBros3 and Gaia GWs constitute the "intermediate GWs". The Confianza Pro 9 or 12 ("Stiff GWs") are used when all other wires failed to cross the occlusion.
The algorithm was always applied using a microcatheter (Corsair, ASAHI Intecc Co.; NHancer, IMDS;
Finecross, Terumo Interventional Systems), unless the occlusion was located ostial or very proximal. (20, 21) Should an AWE attempt fail, the use of other techniques and GWs (e.g. Pilot 200, etc.) was left at discretion of the operator. If deemed necessary, a quick switch to another technique could also be made without completing the step-up algorithm (e.g. when the first or second GW went subintimal)
or the procedure could be terminated. In-hospital adverse events were accounted for.
Statistical analyses
Baseline, angiographic and procedural data were analyzed using descriptive statistics. Numerical values were expressed as mean ± standard deviation, while categorical variables were expressed as percentage of total. Normality was assessed using the Shapiro-Wilk statistic. Comparisons between groups were performed using χ 2 -square tests for categorical variables and the independent Student's t-test for continuous variables, with the level of significance set at p ≤ 0.05.
Univariate regression analyses were performed to assess the relationship between the patients' baseline and angiographic characteristics and successful GW crossing within 30 minutes. Data on procedural characteristics and success were also calculated for the different J-CTO difficulty groups. In addition, a subanalysis was made according to the applied treatment algorithm. All statistical analyses were carried out using SPSS Statistics version 22 (IBM SPSS Inc.).
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RESULTS
Demographics and angiographic characteristics
103 patients were prospectively included of which 100 were withheld. In these patients, AWE was the primary strategy to open the CTO vessel. To describe the demographics and angiographic characteristics of the study population, successful GW crossing within 30 minutes time was used (Table   1) .
No significant demographic differences existed between the successful and failed group.
Angiographically, the presence of a large side-branch at the proximal CTO cap had a significant negative influence on the procedure outcome (28 vs. 71%; p < 0.001). Also, when performing a re-attempt, a higher chance for failure existed (6 vs. 18%; p = 0.05) and a trend towards crossing failure within 30 minutes was present when the proximal cap had a blunt anatomy (26 vs. 43%; p = 0.11).
Procedural characteristics
Using the algorithm, procedural characteristics were favorable (Table 2 ). Procedures performed were swift (67 ± 39 min), especially in easy CTOs (46 ± 23 min). Similarly, in J-CTO 0, fluoroscopy times, radiation doses and use of contrast dye were low: 27 ± 19 min., 1.7 ± 1.3 Gy and 264 ± 123 ml respectively. No MACE in-hospital or complications took place.
Study algorithm
The adapted algorithm resulted in high success rates (Table 3) : 72% of the lesions could be successfully crossed within 30 minutes. In the different J-CTO categories, success rates were 83%, 81%, 68%, 43% respectively). In all study cases, successful GW crossing resulted also in procedural success.
The applied algorithm used three types of GWs, of which the corresponding success rates are depicted in Figure 1B . Forty-five percent could be crossed with a Fielder GW within 30 minutes. In the remaining cases, intermediate and stiff GWs respectively added an additional 32% and 55% success. In three cases, GW crossing was possible, although not within 30 minutes. Including these cases (GW crossing ≥30 min.) successful crossing was 75% ( Figure 1B , Table 3 ). All following results described below combine successful GW crossing within and not within 30 minutes, unless indicated.
An in-depth analysis of each type of GW was performed, according to the J-CTO difficulty groups ( Figure 1B , Table 4 ). Using a soft GW only, success was achieved in 46%. The Fielder XT-A was the preferred GW to start with in all centers (87%) and accounts for the highest percentage of success among all GWs (51%), including intermediate and stiff GWs. In 50 of the remaining lesions, an escalation to an intermediate GW has been performed, of which 34% were successfully crossed.
Consequently, success rose from 46% to 63%. In 20 of the remaining lesions, an escalation to a stiff GW was made, of which 60% was successful. This led to a total success of 75% with AWE.
General procedural success
For failed AWE attempts, additional techniques (predominantly ADR and reverse CART) increased the overall success rate from 75% to 88% (Table 3) . Success rates according to J-CTO score became 100%, 95%, 84% and 64% (for easy, intermediate, difficult and very difficult CTOs respectively), in these lesions selected for an AWE as a first approach.
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DISCUSSION
There remains an important clinical need in opening CTO vessels. (22) Although in non-randomized trials, a mortality benefit has been demonstrated, more than 40% of CTOs are either treated medically or patients are referred for bypass surgery. (23) (24) (25) (26) In patients with angina or documented viability, revascularization, despite well-developed collaterals, still reduces cardiac mortality and MACE. (27) Improvements in device technology, like new-generation drug-eluting stents, CTO-dedicated GWs, and specific microcatheters, resulted in higher success rates and better long-term outcomes. (27) (28) (29) Even more, not all CTOs are difficult to be "opened". In the study of Morino et al. (17) , who developed the J-CTO score, the percentage of lesions with a J-CTO score of zero or one was more than 40%, comparable with the results of our study. Success rates in these subgroups are high and more interventionalists should be convinced and confident in tackling them. Simple algorithms will help to spread the willingness to treat these lesions.
The objective of this study was to investigate whether a strict, simple algorithm and new wire Almost half of all cases could be completed using soft GWs only. However, to reach the level of 75% success, the full set of GWs in the algorithm was essential. For example, the use of specific intermediate wires -like Gaia, can result in the formation of channels, which can be followed (if needed) by a stiffer 9 wire after exchange through a microcatheter, to cross the last part of the CTO.
Step down with regards to tip load, after crossing the most resistant part is also a good and save option. One might criticize the absence of frequently used and highly successful GWs in the algorithm like the Pilot 200, Progress wires or even the MiracleBros. Notwithstanding, as we wanted to keep the algorithm as simple and straightforward as possible, these were not included.
With respect to the procedural characteristics, the application of our algorithm resulted in low procedure times, low radiation exposures, and low fluoroscopy times as well as the use of an acceptable amount of GWs per procedure. Apart from the significance of operator experience and a conscious mindset to minimize these values, the new radiology equipment and settings are extremely important in reducing radiation exposure for both patients and CTO operators during longer procedures, a goal for which operators should continuously strive.
Certainly, not a single technique or strategy will lead to success in all cases. Bail-out techniques have therefore been applied. In this registry, the use of secondary techniques (ADR and retrograde approaches) after failure of the algorithm, further increased success with 13%.
STUDY LIMITATIONS
The following limitations to this study exist. Data collection is limited to cases where AWE is the first strategy. Gaia 1 and 2 GWs became available during the registry and were used in 3% and 26%
respectively. Although the number is limited to 100 patients, results with the algorithm look to be representative of what can be achieved by current experienced and less experienced operators using AWE only. Operator experience may change during time frames, which is followed by an increased application of secondary strategies. Awareness of radiation exposure can influence its use, however equipment and settings were not changed during the time window.
CONCLUSION
By adapting our historical algorithm and familiarizing ourselves with new wire technology, all operators were able to achieve high success rates with AWE, especially in J-CTO 0-1, despite their variety in experience level (one operator is an antegrade wire operator, one uses ante-and retrograde techniques and the three others apply all techniques). The usefulness of a simple algorithm is confirmed to be successful in a larger number of centers -which makes it less operator dependent.
New wire technologies and increased experience have a positive effect on procedural characteristics such as radiation exposure and procedural times. We suggest that starting CTO operators or low and intermediate volume CTO centers, focused on AWE, should implement a CTO-algorithm in their catheterization laboratory. Importantly, investing in new GW technology is essential and a continuous reviewing of the algorithms is crucial. By doing so, further improvements might be obtained. 
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